Background Health information technology (HIT) certification and meaningful use are interventions encouraging the adoption of electronic health records (EHRs) in the USA. However, these initiatives also constitute a significant intervention which will change the structure of the EHR market. Objective To describe quantitatively recent changes to both the demand and supply sides of the EHR market. Materials and methods A cohort of 3447 of hospitals from the HIMSS Analytics Database (2006e10) was created. Using hospital referral regions to define the local market, we determined the percentage of hospitals using paper records, the number of vendors, and local EHR vendor competition using the HerfindahleHirschman Index. Changes over time were assessed using a series of regression equations and geographic information systems analyses. Results Overall, there was movement away from paper records, upward trends in the number of EHR vendors, and greater competition. However, changes differed according to hospital size and region of the country. Changes were greatest for small hospitals, whereas competition and the number of vendors did not change dramatically for large hospitals. Discussion The EHR market is changing most dramatically for those least equipped to handle broad technological transformation, which underscores the need for continued targeted support. Furthermore, wide variations across the nation indicate a continued role for states in the support of EHR utilization. Conclusion The structure of the EHR market is undergoing substantial changes as desired by the proponents and architects of HIT certification and meaningful use. However, these transformations are not uniform for all hospitals or all the country.
BACKGROUND AND SIGNIFICANCE
After a long period of lagging adoption 1 and perceived market shortcomings, 2 3 the electronic health record (EHR) marketplace in the USA has received two radical shocks within a short period of time. First, is the introduction of health information technology (HIT) certification intended to alleviate the concerns of EHR buyers faced with expensive, but uncertain technology decisions by creating a class of products that has been independently and objectively tested for specific capabilities. 4e6 While HIT certification effectively intervened on the supply side of the EHR market, the meaningful use criteria were even more far reaching. Introduced as part of the Health Information Technology for Economic and Clinical Health (HITECH) portion of 2009's American Recovery and Reinvestment Act, meaningful use constituted an estimated $27 billion federal intervention to encourage EHR adoption. 7 At its foundation, meaningful use provides a financial incentive to buy an EHR. However, as the former national coordinator for health information technology David Blumenthal stated, 'The incentive program is not only about paying providers, it is about transforming the marketplace.' 8 He went on to identify such desired changes as new companies in the marketplace and increased competition. The current national coordinator has echoed these comments about changing the marketplace. 9 10 Several indicators do reflect a changing marketplace. Adoption of EHR is increasing 11 and a substantial proportion of providers and hospitals report specifically seeking the EHR incentive payments. 12 However, while this is evidence of healthcare's change from a paper to an electronic world, these indicators do not detail the type of fundamental marketplace changes envisioned by policy makers and HIT proponents. Likewise, the Office of the National Coordinator notes the substantial number of vendors with certified EHR products as evidence of increased competition. 13 Again, while this is a suggestive indicator, measures of competition exist that would provide a better description of whether the EHR marketplace had changed since the introduction of important HIT policies. Understanding the extent and nature of changes in the EHR market is relevant to policy. Meaningful use and certification represent the single largest government intervention in a multi-billion dollar market, a source of significant ongoing costs for public and private institutions, and a policy that will ultimately change the daily operations of healthcare and public health organizations across the country.
Objective
In this paper, we quantitatively describe recent changes to both the demand and the supply sides of the EHR market using hospitals' reported technology purchases. Specifically, we examine the pace of EHR adoption by hospitals and trends in the vendor penetration and vendor competition of the EHR market over the period of certification and meaningful use. By focusing on the presence of EHR vendors as a market measure, we are better able to investigate whether or not the EHR marketplace is changing to the degree, and in the ways, expected by the architects of federal policy.
In addition, descriptions of the EHR vendor market are usually limited to division by type of service (ie, inpatient, ambulatory, or emergency department). To varying degrees, this is the practice of certifying bodies, the Office of the National Coordinator, industry trade groups, market consultants, and industry publications.
14e18 While helpful, this approach includes only the relevant product dimension of a market. Our analysis incorporates the dimension of geography into the concept of EHR vendor markets, which is a new perspective. This represents the first comprehensive description of the changing structure of the EHR marketplace for hospitals in the USA during a period of intense policy intervention.
MATERIALS AND METHODS Data
We created a cohort of 3447 non-federally operated, general medical and short-term acute care hospitals from the HIMSS Analytics Database for the years 2006e10. The HIMSS Analytics Database includes annual survey data on hospitals' use of specific information technology (IT) applications and the respective application vendors. HIMSS Analytics contacts chief information officers or designees for the IT variables and has collected this information since 2005. The HIMSS Analytics Database has been used in numerous scientific and market research publications on IT staffing, IT adoption, EHR adoption, and costs. HIMSS Analytics does not publish survey response rates, but reports that only 2% of hospitals refuse to participate.
For each hospital, we identified (1) if the facility had an EHR and (2) the name of the vendor supplying the technology. First, we defined the EHR solely in terms of a clinical data repository that was live and operational, in the process of installation, or under contract. HIMSS Analytics defines a clinical data repository as 'a centralized database that allows organizations to collect, store, access, and report clinical, administrative, and financial information collected from various applications within or across the healthcare organization that provides healthcare organizations an open environment for accessing/viewing, managing, and reporting enterprise information.' While a clinical data repository is clearly not a fully functioning EHR, it is a necessary component of the most current conceptualization of the EHR, 19 20 and more importantly it provides a consistent measure of EHR vendor choice for the hospital cohort before and after the changes instituted by the HITECH Act in our secondary dataset. Next, our interest lay in what vendor the hospital had chosen and not if the hospital had made effective use of the EHR. Therefore, we considered the hospital had selected the vendor if the EHR product was live and operational, in the process of installation, or under contract. As a result, the stage of adoption or implementation did not matter, because in each instance the vendor could legitimately be present in the market. We excluded vendors of clinical data repositories designated as 'to be replaced' because the hospital had already made the decision to discontinue their use. The number of vendors (excluding self-developed systems) reported each year ranged from 34 to 38. The cohort included hospitals located in the 50 states and the District of Columbia with complete information on EHR vendors each year. As a result, the cohort represented between 74% and 78% of hospitals with the aforementioned characteristics included annually in the HIMSS Analytics Database.
Measures
We used the Dartmouth Atlas' Hospital Referral Regions (HRRs) to define the local geographical EHR market. 21 HHRs divide the country into the distinct areas based on hospitals' performance of major cardiovascular and neurosurgical procedures 22 and have been used to define the market area for healthcare in numerous health services research studies (eg, Chen et al, 23 Mittler et al 24 ) . In order to keep market areas constant over time, we assigned all hospitals to their 2007 HRRs. Three measures describe the EHR markets for each study year: percentage of hospitals using paper records, number of vendors, and EHR vendor competition. Hospitals without an automated clinical data repository and those which had not yet entered a contract with a vendor were classified as having paper medical records. For each year we counted the number of vendors with products in use in the market. Last, we measured the EHR market concentration at the hospital level using the HerfindahleHirschman Index (HHI), which is the sum of each vendor's market share squared. 25 In this context, the HHI constitutes the weighted average of each vendor's market share within the HRR. Increasing HHI values indicate a move toward EHR market concentration, whereas decreasing HHI scores demonstrate increasing competition. In addition, each year a small number of hospitals (between 7 and 16) reported using two different EHR systems in tandem. We included both vendors in our HHI calculations, because each vendor could claim those hospitals as customers, and the use of two different systems does not conflict with our policy-based research question. Paper records were not considered as a product choice and therefore excluded from the HHI calculation.
Analysis
We calculated the means of these three measures at the HRR level for each year. Because organizational size has been an important predictor of EHR adoption 26 and vendors often market their products by hospital size, we stratified each measure by the hospital's 2009 bed size: small (#99 beds), medium (100e249 beds), and large ($250 beds). While, these categories match existing popular reports on the EHR market, 18 they should not be viewed as mutually exclusive for EHR vendors. An EHR vendor may be represented in any or all of the size-stratified measures.
A series of fixed-effects and random-effects regression equations described the changes in the annual averages of vendors, vendor competition, and percentage of hospitals using paper records at the HRR level. First, we examined if the measures in subsequent years were statistically different from those in the base year 2006 using ordinary least-squares regression, including dichotomous indicators for the year 2007e10 with clusterrobust standard errors. Second, to determine the average annual change, we obtained the slope of time regressed on each of the three dependent variables using random-intercept linear models with an unstructured varianceecovariance structure. 27 Third, we tested whether the pace of EHR market changes was statistically different among small, medium, and large hospitals. We estimated random intercept regression models, separately for each outcome measure, which included an interaction term between linear trend and hospital size. These coefficients served as a test of whether the trends in the number of vendors, competition, and paper record usage differ by hospital size.
We used geographic information system analysis to visualize changes and differences by geography in the EHR market. Using ArcGIS 9.3.1 (ESRI, Redlands, California, USA), we mapped the absolute change in the number of vendors and the HHI during the study period and the percentage of hospitals still using paper records in 2010 by HRR.
RESULTS
Most hospitals in the cohort were private not-for-profit (65.9%) followed by public hospitals (18.1%) and private for-profit hospitals (16.0%). Hospitals were slightly larger than the entire population of general medical and surgical hospitals reported in the annual American Hospital Association survey (c 2 ¼129.02;
r<0.05). The percentage of hospitals in the cohort with at least 250 beds was 27.6%, 35.8% were medium-sized hospital, and hospitals with fewer than 100 beds made up 36.6% of the cohort.
Trends for all hospitals
Trends in the number of vendors, competition, and reliance on paper records in the EHR market are displayed in 
Trends by hospital size
Recent year-to-year changes in the EHR market varied by hospital size (table 1) . While for small, medium, and large hospitals the direction of the general trends in the number of vendors and competition was statistically significant and similar, the magnitude of the changes was not. In addition, we found that the pace of EHR market changes was statistically different (p<0.01) across the categories of hospital size (see online technical appendix for complete regression table). Changes in the market place in general were most dramatic for small hospitals with fewer than 100 beds. These hospitals saw the largest absolute gains in numbers of vendors in the market and the largest increases in competition. In 2006, an HRR on average had fewer than two (1.96) vendors with EHRs in small hospitals. By 2010, the average had increased to 2.48. Similarly, over the study period, the HHI decreased by an average of 1.94 points, signaling a trend toward more competition. Small hospitals also had a statistically significant reduction in use of paper records from 35.25% to 16.14%.
The trends toward more competition and increased vendor presence in the market were also statistically significant for medium sized hospitals. However, the absolute gain in vendors and HHI reduction (ie, greater competition) was not as large as among the small hospitals. In addition, during the study period, the percentage of hospitals relying on paper records declined from 18.70% to 2.98%. On average, the use of paper records among medium-sized hospitals fell by 3.76 percentage points a year during the study period.
The EHR market has not changed dramatically for large hospitals in the number of vendors and HHI in the HRR. Despite a small statistically significant upward trend over the entire study period, changes in the average number of vendors in each HRR were not statistically different between 2006 and 2010. The average number of vendors in the HRR for large hospitals remained around 2.2. Likewise, the large hospitals witnessed a trend toward more competition over the entire study period. However, these changes were not enough to make the HHI in 2010 statistically different from its value in 2006. Nevertheless, as with the small and medium-sized hospitals, the percentage of hospitals in the cohort without an EHR substantially reduced from 11.25% in 2006 to <1% in 2010.
Trends by geography Figure 1 describes the change at the HRR level in the total number of vendors with EHRs operational, being installed, or under contract at a hospital. The first notable feature of this change-map is that not every HRR in the country saw an increase in EHR vendors. No change in the absolute number of figure 2) . In these markets, the mean HHI decreased by 13.4 points (SD¼1.26). In 23.3% of markets, the level of competition did not change. The HHI increased in 27.2% of the markets, signaling a move toward less competition. Figure 3 displays the percentage of hospitals by HRR using paper medical records in 2010. Clearly, some markets have made greater progress toward electronic record keeping than others. Specifically, healthcare markets where all hospitals had converted to electronic records tended to be on the coasts with higher persistence of paper in the Midwest and West. Also, the map illustrates that markets in which more than one in four hospitals still used paper records tended to be in very rural areas (eg, the western Dakotas, southern Mississippi, western Kansas, the Texas Panhandle, and northern Nevada).
DISCUSSION
The structure of the EHR market is undergoing substantial changes. The trend in the number of vendors in each market is upwards. Most markets are becoming less concentrated and hospitals of all sizes are abandoning paper records. While this will be welcome news for EHR advocates, our analysis showed significant variations in the structure and changes in the EHR market in the USA since the introduction of certification and meaningful use. These variations highlight the particular challenges of small hospitals, the potential limits of these interventions to bring about market change, and the continuing roles for the states in HIT policy. Furthermore, our results provide important insights into the formulation of future health technology and EHR policies and suggest future lines of inquiry.
First, our results raise concerns about the performance and functioning of small hospitals. The EHR market showed the greatest change for the group of hospitals that need the most help. By most measures small hospitals are less IT savvy than larger hospitals. Small hospitals invest less in equipment and technology, 28 are more likely to outsource key technical support functions, 29 have more concerns about the capabilities of their IT staff, 30 and their chief information officers have less training, are less experienced, 31 and less often members of the executive team. 32 Furthermore, small hospitals are more likely to employ a single vendor strategy, making their technology decisions all the more important, because that strategy has an effect on the entire organization. 33 While rural and critical access hospitals are already targeted for specific assistance by regional extension centers, a broader geographical focus many be necessary to ensure the success of EHR adoption by small hospitals. Alternatively, strategic partnerships between hospitals may help smaller organizations ensure they have the technical expertise to navigate the changing and complex HIT market. 34 Second, the changes in the EHR market for large hospitals are not readily apparent from summary measures of competition. Overall indicators of the EHR market suggest little change, on average. However, that stability appears to be a product of the dominance of the top five EHR vendors in the large hospital market, which counted 75e80% of all large hospitals as customers from year to year. The high baseline clinical data repository usage among large hospitals contributes further to the apparent stability by reducing the number of opportunities for vendors seeking customers among organizations switching away from a paper environment. As a result, the variation in the large hospital EHR market occurred among those vendors with fewer customers. The entrance and exits of these less common vendors tended to balance out annually and therefore did not result in substantial changes to our measures of competition. Even with an overall shift toward EHR adoption, our examination showed that some individual markets experienced a decrease in the number of vendors present and a shift toward more concentration. This illustrates the explanatory power added by the inclusion of geography in the analysis. Beyond describing local variation, a comparison of all three maps shows that some of the changes in competition were not due to the entry of new vendors in the market, but due to a change in the number of customers for the existing vendors. For example, the number of vendors in central Arkansas did not change, but competition decreased, indicating that one of the existing EHR vendors simply gained market share. Conversely, portions of Utah saw a move toward greater competition without increases in the number of vendors. The primary implication of these regional variations is that changes in the marketplace, despite initiatives originating at the federal level, are not occurring uniformly or even in the same direction. We believe that this type of regional variation leaves open the potential need for the states to help shape local EHR markets. Current federal policies dominate HIT discussions and justifiably so, given their unprecedented scope and scale. However, several states have been very active in the support of HIT, 35 and how states interact or augment federal policy is an avenue for future inquiry. At the very least, state level policy makers must not assume that all hospitals in their state will respond similarly to nationwide initiatives.
These results call for targeted HIT policies to be considered. In many respects, certification and meaningful use are essentially uniformly applied policy interventions. Putting aside the obvious and critical distinctions between EHRs for the inpatient and ambulatory settings, because it focuses on the capabilities of the technology and not the adopting organization, certification affects the entire hospital sector and country without any distinctions of organizational size, technological capabilities, or local environment. Likewise, while meaningful use contains both Medicare and Medicaid mechanisms and special considerations for critical access hospitals, all hospitals that become meaningful users are financially incentivized and will use EHRs that have to meet a common set of stage 1 requirements. However, the organizations adopting EHRs, vendor presence, competition, or geography of the markets described here are not changing uniformly. More targeted interventions may be required to ensure widespread transformation across all segments of the EHR market. For example, the current financial incentives and timelines did not favor an organization wishing to switch entirely to EHR products, which would definitely encourage changes in the market. Instead the clearest path for hospitals using paper was to buy and implement a certified EHR quickly, and for those using an existing non-certified EHR system was to wait for upgrades to a certified system from their current vendor (effectively all existing vendors have had their products certified). This latter option does not fundamentally alter the EHR market, and the former may not increase competition or the number of vendors in use as this analysis has demonstrated. Specific support or increased time to assist with switching costs, targeted state interventions, or additional support for hospitals to build in-house technical expertise could change the way in which hospitals select their certified EHR.
Lastly, our findings suggest both retrospective and forwardlooking research questions. In view of the changes that have already transpired, this study justifies the needs for a formal evaluation of the effects of certification and meaningful use on the EHR market. Determining what role these policies have had in market change will be a complement to the current evaluations focusing on overall EHR adoption and on meeting meaningful use objectives. 11 36 However, a quantitative evaluation of the effect of these interventions will require more historical data and consideration of many more determinants, including the influence of state policies. We expect that still more changes in the EHR market will take place. Market demand may shift again in response to the practice of regional extension centers of releasing preferred or recommended lists of EHR vendors. Although the work of regional extension centers is more targeted toward primary care physicians and even federally qualified health centers, these lists may serve as a constraining factor within states and regions.
Limitations
As noted already, the purpose of this study was not a formal evaluation of the effects of certification and meaningful use. Therefore, the observed trends may be due to other factors. Undoubtedly, mergers and acquisitions and hospitals abandoning self-developed systems in favor of a vendor-provided solution might explain some changes. However, that type of IT strategy change is not common. Also, because we did not specifically examine the role of state policies, we are unable to determine whether regional variation might be explained by the presence of supportive state policies or even by unique factors within areas. In addition, our analysis most likely does not count the whole number of EHRs vendors with products operational or under contract, because we used a basic measure of the EHR in order to be consistent across the study period. However, this measure excludes the possibility of a hospital using a modular EHR strategy, which would entail contracting with multiple vendors for services. Our analysis did not examine the quality, reputation, or long-term viability of any of the vendors in the marketplace, which has been a concern. 37 Today, 65% of vendors with certified EHRs have fewer than 50 employees. 38 Also, the generalizability of this study is limited as we looked only at hospitals and not ambulatory care providers or the growing service areas of long-term care and rehabilitation.
Our analysis only examined whether or not the EHR market was changing as envisioned by the architects of current federal policy and not whether hospitals were achieving meaningful use. Clearly, current federal policies intervened in the market with the ultimate objectives of innovation and other benefits. 8 39 However, we have not examined whether any of those expected outcomes of changing the EHR market through meaningful use and certification actually occurred or if these changes were beneficial. Thus our analysis does not answer the following critical policy questions: Are more vendors in the market place good for hospitals and other healthcare organizations? Are these new vendors creating more innovative products? Are increases in competition changing product pricing? Our analysis does, however, demonstrate that questions such as these are all the more relevant as the EHR market is undergoing significant change.
CONCLUSIONS
The structure of the EHR market is undergoing substantial changes as desired by the proponents and architects of health information technology certification and meaningful use. However, these transformations are not uniform for all hospitals or all parts of the country. A comprehensive description, including products, buyers, and geography, better explains how the market is functioning, which in turn stimulates the reformulation of key policy questions and how they will be evaluated.
